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ANSWER FOUR (4) OUT OF EIGHT (8) QUESTIONS 
ALL QUESTIONS ARE OF EQUAL VALUE 


QUESTION 1 


Study the figure below showing a multiple sequence alignment of cytochrome c 


proteins sequences from a variety of organisms. 


CLUSTAL multiple sequence alignment by MUSCLE (3.8) 
CYC2_AGROBACTERIUM ——— > EGDVAKGEAAFK-RCSACHAIGEGAKNKVGPQLNGI IGRTAGGDPDYNYSNA 
CYC21 CAENORHABDITIS ---MSDIPAGDYEKGKKVYKQRCLOCHVVDSTA-TKTGPTLHGVIGRTSGTVSGFDYSAA 
CYC1_YEAST ---MTEFKAGSAKKGATLFKTRCLOCHTVEKGGPHKVGPNLHGI FGRHSGQAEGYSYTDA 
CYC_CHLAMYDOMONAS MSTFAEAPAGDLARGEKI FKTKCAQCHVAEKGGGHKQGPNLGGLFGRVSGTAAGFAYSKA 
CYC1_ARABIDOPSIS MQVADISLQGDAKKGANLFKTRCAQCHTLKAGEGNKIGPELHGLFGRKTGSVAGYSYTDA 
CYC2_ DROSOPHILA -—---MGVPAGDVEKGKKLEVQRCAQCHTVEAGGKHKVGPNLHGLIGRKTGQAAGFAYTDA 
CYC TUNA. = © © 0 SESE SSS MGDVAKGKKTFVQKCAQCHTVENGGKHKVGPNLWGLFGRKTGQAEGYSYTDA 
CYC HUMAN © ER EES MGDVEKGKKIFIMKCSQCHTVEKGGKHKTGPNLHGLFGRKTGQAPGYSYTAA 
CYC: CHICKEN; -" = 2  USRRPSEas MGDIEKGKKIFVQKCSQCHTVEKGGKHKTGPNLHGLEGRKTGQAEGFSYTDA 
x, * * K* * kK* * Ke kk 2* 2 es * 
CYC2_AGROBACTERIUM MKKAGGEGLVWT POR LRDFLSAPKKKI PGNKMALAGISKPEELDNLIAYLIFSASSKPAZ 
CYC21 CAENORHABDITIS NKN---KGVVWTKETLFEYLLNPKKY I PGTKMVFAGLKKADERADLIKYI--EVESAKSL 
CYC1_YEAST NIK---KNVLWDENNMSEYLTNPKKY I PGTKMAFGGLKKEKDRNDLITYL--KKACE--- 
CYC_CHLAMYDOMONAS NKE---AAVTWGESTLYEYLLNPKKYMPGNKMVFAGLKKPEERADLIAYL--KQATA---— 
CYC1_ ARABIDOPSIS NKQ---KGIEWKDDTLFEYLENPKKY I PGTKMAFGGLKKPKDRNDLITFL--EEETK---~— 
CYC2_ DROSOPHILA NKA---KGITWNEDTLFEYLENPKKY I PGTKMI FAGLKKPNERGDLIAYL--KSATK---— 
CYC_TUNA NKS---KGIVWNENTLMEYLENPKKY I PGTKMIFAGIKKKGEROQDLVAYL--KSATS---~— 
CYC_HUMAN NKN---KGIIWGEDTLMEYLENPKKY I PGTKMIFVGIKKKEERADLIAYL--KKATNE-- 
CYC_CHICKEN NKN---KGITWGEDTLMEYLENPKKY I PGTKMIFAGIKKKSERVDLIAYL--KDATSK--— 
. oke oe 


* ek KKK oe kKK KK 6 ke 


a) Identify three examples of invariant amino acids (highlight or otherwise label on the 
exam paper). Discuss the properties of each amino acid chosen and relate to its 


likely function in the protein and its high level of conservation. [9 marks] 


b) Identify an example of a conservative substitution; discuss the chemical similarities 


that allow one amino acid to substitute for another. [3 marks] 


c) The program ClustalW was used to construct this multiple sequence alignment; 


outline the process used by this program to produce the result seen. [4 marks] 


d) When constructing a rooted phylogenetic tree which sequence from those above, 


would you designate as the outgroup and why? [2 marks] 


e) Are the sequences shown examples of orthologues or paralogues? Explain your 


choice including a definition of the term chosen in your response. [2 marks] 
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QUESTION 2 
Mitochondrial malate dehydrogenase catalyses the following reaction: 


Malate + NAD* > oxaloacetate + NADH 


The following is a list of some of the properties of mitochondrial MDH from rats. 


Quaternary structure | homodimer 

Mass of one chain 33 kDa 

Isoelectric point pH 8.55 

Ammonium sulfate Soluble 40% saturation, Insoluble 80% saturation 

Affinity media Binds to 5’-AMP-Sepharose via the nucleotide binding site 


a) Use this information to design the outline of an extraction and 3-step purification 
procedure for this enzyme starting with rat livers. For each step you need to explain 
its rationale in relation to the protein properties given above. You have access to a 
centrifuge, ammonium sulfate, buffers of varying pH, ultrafiltration membranes in 
the following sizes: 10 K, 30K, 100K, ion exchange spin columns and a 5’-AMP- 


Sepharose column. [16 marks] 


b) Explain how you would assay the activity of your enzyme giving clearly explained 


reasons. [4 marks] 


QUESTION 3 


Tandem mass spectrometry is increasingly replacing Edman sequencing as the method 


of choice for obtaining protein sequence information. 


a) Outline the major features of tandem mass spectrometry as applied to proteins. 
[10 marks] 
b) Explain why tandem mass spectrometry is increasingly favoured over Edman 


sequencing as a method for obtaining sequence information from an unidentified 


protein. [5 marks] 
c) Discuss the use of protein sequence data bases for a researcher who is 
investigating an unidentified protein via tandem mass spectrometry. [5 marks] 
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QUESTION 4 


Write an essay on the importance of protein turnover in eukaryotes. In your answer 
describe the major components of the protein turnover machinery. Give a specific 


example of the involvement of protein turnover in a regulatory process. [20 marks] 


QUESTION 5 


a) Briefly outline three catalytic strategies used by enzymes to accelerate the rate of 


approach to equilibrium in a chemical reaction. [9 marks] 


Cytochrome P450 mono-oxygenases typically catalyse the following reaction: 


RH +O, +NADPH + H* > ROH + HO + NADP* 


b) Which of the six major groups of enzymes (oxidoreductases, transferases, 
hydrolases, lyases, isomerases and ligases) do P450 mono-oxygenases belong to? 


Explain your answer. [3 marks] 


c) The following diagram outlines the mode of action of P450 mono-oxygenases. Use 
this diagram to explain the major catalytic strategy/s used by these enzymes. 


[8 marks] 
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QUESTION 6 


Examine the figure below and use it to describe the co/post-translational modifications 
that occur during collagen production. Use your general understanding of co/post- 
translational processes to provide a commentary on the importance of each of these 


steps and their effect on the properties of the final collagen matrix formed. [20 marks] 
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QUESTION 7 


Write an essay on a protein studied in this unit (excepting the following proteins: 
collagen, cytochrome P450s, malate dehydrogenase, receptor kinases, steroid hormone 
receptors and cytochrome c). In your essay outline the biological function of the protein 


and relate relevant aspects of protein structure to the protein function. [20 marks] 
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QUESTION 8 
Use the diagram right (A), as well as your knowledge of inguin “S, 


signal transduction to describe important features of the 


mode of action of insulin. 

Compare and contrast the main features of insulin action 
with that of steroid hormones in diagram B) below. 
What structural features would you expect to find on i) the Cytosol 


insulin receptor; i1) the steroid hormone receptor. 


[20 marks] 
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B) Mode of action of a steroid hormone 


Please remember - This examination question paper MUST BE HANDED IN. Failure 
to do so may result in the cancellation of all marks for this examination. 

Writing your name and number on the front will help us confirm that your paper has 
been returned. 


